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irrespective of the received signal quality. When the quality of the channel between the source and relay is very fine, the relay is capable of decoding very quickly and correctly.
Amplify-and-Forward (AF):
In amplify-and-forward scheme, using non-regenerative method, the relay node is going to amplify the signal from the source without decoding, and then puts forward to the destination [15] . The noisy form of the signal from the source is multiplied by the relay with the amplifying gain with a constraint (e.g. power constraint) and the resulting version of the signal is transmitted to the destination. The complexity of hardware is lower in AF than DF as the decoding section is excluded in AF. Even though the noise is also amplified along with the signal, the destination can still make a better detection of the information as it receives two independent faded versions of the signal [16] . AF relay can be further divided into two subcategories. If the relay has complete awareness about the channel state information (CSI), the amplify gain can be changed [7] . Such a relay is called variable-gain AF relay or CSI-assisted AF relay. Whereas, if the relay needs only the statistical characteristics of the channel in between source and relay, the relay is called fixed gain AF relay or semi-blind AF relay. The latter has less complexity, but lacks behind from the former with respect to performance regarding error-rate.
3.3
Compress-and-Forward (CF): Compress-and-Forward is another technique of relaying which does not require decoding in the relay. In Compress-and-Forward relaying method, the signal received from the source is quantized and compressed by the relay with the aid of Wyner-Ziv lossy source coding [17] . The compressed version of the signal is then transmitted to the destination by the relay. The received information from the source and the quantized and compressed form of that information from the relay is merged by the destination. CF performs better than DF on the basis of achievable rate when the relay is near to the destination and vice versa [17] .
3.3.1
Estimate-and-Forward (EF): Estimate-and-Forward is also another relaying method where decoding is not needed in the relay. In Estimate-and-Forward, an analog estimate of the signal received from the source is forwarded by the relay to the destination [18] . This estimation is done by entropy constrained scalar quantization of the signal received from the source or with the help of an unconstrained minimum mean square error (MMSE) technique. DF performs better than EF with regards to achievable rate when the relay is far from the destination and vice versa [18] .
CODED COOPERATION:
Coded cooperation is distinct from other relaying techniques because in this scheme, the channel coding is integrated into cooperation [7] . The data (codeword) of every user is divided into two parts. At first, every user transfers the former segment of its own codeword and tries to decode the other segment of its corresponding communication partner [19] . If the information is successfully decoded as verified by the Cyclic Redundancy Check (CRC) code, the user creates the left over portion of its partner's codeword and sends it to the destination. Else, the user sends the left over portion of its own codeword. The user and its corresponding communication partner should work in an environment of orthogonal channels. In coded cooperation, various channel coding techniques can be assigned [19] . 3.5 COOPERATIVE UWB SYSTEM MODEL: Cooperative Communication in UWB systems generally follows ad-hoc network structure and is used to reduce the system complexity [20] . In such structure, every node perform a special role which can either be a Source node (S), Destination node (D) or Relay node (R). However among these, a node can only play a single role in such process of communication. A cooperative communication in UWB systems also consist of Source node, Destination node and some Relay nodes. Fig 2. 2 shows a communication model for cooperative UWB system where "M" represents the number of relay nodes.
In cooperative UWB system model, process of communication is performed in the following three stages [21] :
i. At first, the source node transmits pilot symbol to all of the relays. At this phase, because of the obstructions in the links in between the source node and the relay nodes, the links aren't confirmed. ii. From among all the relay nodes, only the relay with the best bit error rate (BER) performance is chosen as the relay of that communication process. For the purpose of minimizing the power consumption of the network, only a single relay node is selected for each communication process. iii. The communication in between the source node and the destination node takes place via the selected relay node.
In Fig.2 .2, the channel fading of the source to relay link is represented by hi(t), where i=1, 2, …, M. The number of relays is represented by "M". The channel fading can be calculated once the pilot symbols are received by the relays. The pilot symbols along with the achieved signal-to-noise ratio (SNR) are then retransmitted to the destination node from every relay node in separate time slots [21] . The pilot symbols from separate relay nodes are demodulated at the receiving side. At this point, the channel fading of the relay to destination link is evaluated. In Fig.2 .2, the channel fading of the source to relay link is represented by gi(t), where i=1, 2, …, M.
Figure 2.2: Cooperative UWB system model
After the selection of the relay node with the best BER performance, the source node transmits the data signal to the destination node via this path [21] . Generally, RAKE receiver is implemented for the collection of multipath energy, and better performance is achieved at the expense of the complexity of hardware [20] . Generally in order to improve the system performance, the desired number of correlators is more than 10.
Nevertheless, that large number of correlators simply enhances the complexity of the system extensively [21] . Because a UWB system requires to be simple and low in cost, RAKE receiver is hardly employed in the adoption of UWB systems. Energy detection receivers are capable of decreasing the complexity of the system [9] . However, in that case, UWB system's performance is degraded. Hence, we have used Code-shifted reference (TR) receiver as it is capable of balancing system complexity with system performance. If amplify-and-forward (AF) cooperative communication protocol is implemented, the multipath component at the source-relay link is amplified and forwarded towards the destination [15] . Several multipath components are resulted after passing via the dense multipath channel in between the relay nodes and the destination node. These multipath components interfere with each other and decrease the SNR at the destination node [16] . Therefore, taking the dense multipath feature of UWB channel under consideration, we have implemented decode-and-forward (DF) protocol in our cooperative UWB system model to transmit the data from the source node to the destination node through the relay nodes. This decreases the complexity of the system as well as avoids the distortion of waveform that results from multipath expansion.
RELAY POSTIONING:
It has been said that the UWB system gives better BER performance when the relay nodes are positioned in between the source and destination nodes [7] . But it is important to know the particular position of a relay in between the source node and the destination node that gives the best BER performance [9] . By the term "position", here we can relate to the distance at which a relay is located from the source and destination. Distance is an important factor in signal transmission. The signal quality decreases with the increase in distance because of factors like path-loss, power-loss, noise and interference. We have considered Dxi as the distance between the source node and the relay node, and, Dyi as the distance between the relay node and the destination node, where i=1,2,…,M. The number of relays is represented as "M". Let, D be the distance between the source node and the relay node.
selection of only a single relay Fig. 3.1 shows the BER performance of the UWB system as a function of Eb/N0 under the IEEE 802.15.4a office LOS channel environment with the relay node at different distances from the source and destination. The source node and the destination node are kept at a distance (D) of 10 meters. It is assumed that the relays are kept at certain points over a straight line in between the source node and the relay node, so as to keep the overall transmission distance constant (10m) for all cases to ease performance comparison, i.e. D = Dxi + Dyi.
Simulations are done for the BER performances of 5 relays which are kept at a distance (Dxi) of 2m, 4m, 5m, 7m and 9m from the source node. Thus, the corresponding distances (Dyi) of these relays from the destination node are 8m, 6m, 5m and 1m respectively. It can be noted that the third relay is at an equal distance from the source node and destination node, ie. Dxi = Dyi = 5m. BER performance for a case with no relay is also simulated, i.e. the direct transmission of the data signal from the source node to the destination node without any relay. The fame duration the CSR-UWB is taken as Tf = 60 ns with the number of frames as Nf = 8. The simulation result clearly shows that the CSR-UWB system model performs better with the presence of relay than with the absence of relay. It can be observed that the BER performance of the cooperative UWB system model increases as the relay gets closer to the centre point in between the source node and the destination node. The cooperative CSR-UWB system model gives the best BER when Dxi = Dyi = 5m at D =10m. Thus, we can say that the cooperative CSR-UWB system has the minimum BER when the relay is place at the equal distance from the source node and the destination node.
PERFORMANCE COMPARISON OF COOPERATIVE CSR-UWB SYSTEMS UNDER DIFFERENT CHANNELS:
In the earlier section, it has been assumed that the relay is positioned just anywhere over the straight line in between the source node and the destination node for performance comparison purposes. However, in a practical situation, the relays may not exactly placed between the source and destination nodes over the straight line. Therefore, we can assume the angle made by that line with the line between the source node and relay node as  , that is evenly distributed from 0 to  [21] . We have come to know from the previous section that the cooperative CSR-UWB system has the best BER performance when the relay is equidistant from the source node and the destination node. So, let us suppose that Di= Dxi = Dyi (where i=1,2,…,M) is the distance from the source node to relay node as well as the distance from the relay node to destination node. Hence, for a given value of Di , the average distance from the source node to destination node can be specified as the following [ 
We evaluated the performances of cooperative CSR-UWB system for different number of relays, in LOS (Line of Sight) and NLOS (Non-Line of Sight) environments and different average distance between source node and destination node. We have separated the simulations into two sections. The first section is concerned with the BER performances of cooperative CSR-UWB system for the number of relays M=5 and the second with number of relays M=10. We have taken the CM3 and CM4 with 100 channels from IEEE 802.15.4a channel model in our simulations. CM3 channels represent the LOS (Line of Sight) channels and CM4 channels represent the NLOS (Non-Line of Sight) channels. We have assumed two different values for the average distance between the source and the destination which are i D = 4m and 7m. The frame duration of CSR-UWB is taken as Tf = 60ns with the number of frames as Nf = 8. a.
Simulation results with 5 relays: The simulation of the cooperative CSR-UWB system with 5 relays is performed under LOS and NLOS channel environments with 4m and 7m average distance between source and destination. Evaluation of the performances is given in the following subsections. b.
4m(LOS) vs. 7m (LOS) with 5 relays:
First, the performance of the system is compared between scenarios of average source-destination distance 4m and 7m. Both simulations are performed with an IEEE 802.15.4a LOS channel CM3. From Fig. 4 .1, we can observe that, in LOS channel environment, at a BER requirement of 10 -3 , the cooperative CSR-UWB system with average source-to-destination distance of 4m outperforms the one with average source-to-destination distance of 7m by 4dB. 
c. 4m (LOS) and 7m (LOS) vs. 4m (NLOS) with 5 relays:
The system performance with the average distance of 4m between source-to-destination in an IEEE 802.15.4a NLOS channel CM4 is compared with the ones with 4m and 7m source-destination distance in an IEEE 802.15.4a LOS channel CM3. We can observe in Fig. 4.2 that, for the same distance of 4m, at a BER requirement of 10 -3 , the performance of the system in LOS channel environment is 9dB better than that in NLOS channel environment. 
d. 4m (LOS), 7m (LOS) and 4m (NLOS) vs. 7m (NLOS) with 5 relays:
Simulations are done to compare the peak performance of the proposed system of an average source-destination distance using 4m and 7m for both LOS and NLOS channel environments. IEEE 802.15.4a CM3 channels are used for LOS environment and IEEE 802.15.4a CM4 channels are used for NLOS environment. Fig. 4.3 shows that the system BER performance is worst at 7m average source-to-destination distance for NLOS channel environment. 
SIMULATION RESULTS WITH 10 RELAYS:
The simulation of the cooperative CSR-UWB system with 10 relays is done under LOS and NLOS channel environments with average distance of 4m and 7m between source node and destination node. Assessment of the performances is given in the following subsections. Here also, at 10 -3 BER requirement under LOS channel environment, the BER performance of the cooperative CSR-UWB system with average source-to-destination distance of 7m is 4dB less than the one with average source-to-destination distance of 4m. 4m (LOS) and 7m (LOS) vs. 4m (NLOS) with 10 relays: The system performance with 4m average source-to-destination distance in an IEEE 802.15.4a NLOS channel CM4 is compared with the ones with 4m and 7m source-destination distance in an IEEE 802.15.4a LOS channel CM3 with 10 relays. We can observe in Fig. 5.2 that, at the same average source-to-destination distance of 4m, the cooperative CSR-UWB system under LOS channel environment outperforms the one under NLOS channel environment by about 9dB at a BER requirement of 10 -3 . Simulations are done to compare the system performance with average source-to-destination distance 4m and 7m for both LOS and NLOS channel environments with 10 relays. IEEE 802.15.4a CM3 channels are used for LOS environment and IEEE 802.15.4a CM4 channels are used for NLOS environment. Fig. 5.3 shows that the channel with average source-to-destination distance of 7m under LOS channel environment gives the poorest performance. Fig. 5.3 , we can observe that the cooperative CSR-UWB system with 10 relays outperforms the cooperative CSR-UWB system with 5 relays by about 4dB under a BER requirement of 10 -3 for both LOS and NLOS channel environments. This is because more number of relay nodes opens greater possibilities of getting the relay node with the highest BER performance. Those relay nodes which are placed nearer to each other or placed in the straight line between the source node and destination node gives the best system BER performance. Nevertheless, at a point when the number of relays (M) becomes adequately huge, adding more number of relay nodes does not make the system BER Performance any better.
6.
CONCLUSION: In this paper, a Code Shifted Reference impulse-based Cooperative UWB Communication System has been proposed. The BER performance comparison of the proposed cooperative CSR-UWB system has been analyzed for different number of relays under different channel environments using IEEE 802.15.4a channel model. The simulation results show that, under a LOS channel at a BER requirement of 10 -3 , the performance of the cooperative CSR-UWB system with 4m average source-todestination distance is approximately 4dB better in SNR than the one with 7m. This is extracted from the results that the overall performance is degraded if the distance of source-to-destination increases. We can also see that with the same average-to-destination distance of 4m, the performance of the system under a LOS channel environment is about 9dB better than that under a NLOS channel environment. Hence, we can conclude from the result that performance of the system improves under a LOS channel environment as compared to NLOS channel. It can also be observed that the system with 10 relays outperforms the system with 5 relays. This means that by increasing the number of relays to adequately large number, the performance of Code Shifted Reference impulse-based Cooperative UWB Communication System Improves. 
